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Executive Summary

It's the memory subsystem!
(not quite, but pretty darn close)
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What my talk is NOT about

* Massively parallel performance
(l.e. performance off the node)

» Software programming models and
Operating System Impact

— A topic of a future System Engineering
Seminar Series (SESS)

 Architecture research
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Multicore is here, are we ready?

e Dual-core is mainstream
— Not a big deal, process level parallelism
* Quad-core is almost mainstream

— In general, still no strategy for SW

— It's an SMP?

— MPI everywhere?
« Eight core is in the near future
« 10’s to 100’s of cores in the next 3 to 5 years?
* Platform Roadmap

— Red Storm - dual-core AMD

— TLCC - quad-core AMD

— ASC/NMHPC next generation capability system - N-core ?
— ASC/Sequoia UQ platform in 2010 - ?
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What is Multicore?

* For this talk, general purpose processors
only

* Multicore comes in many flavors

— How does a processor company differentiate?

— Distinguishing architecture features
« Cache hierarchy
* Bus
 Memory controller
« Core architecture, including # of cores
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Intel: Clovertown/Harpertown

(don’t ask me to explain Intel nomenclature!)

« Pseudo quad-core « Harpertown
— Two dual-core die MCM — 45 nm process

* Clovertown — New microarchitecture
— 65 nm process Core 2 Duo Extreme?
— Core 2 vs Core 2 Duo? » 4 FLOPs/cycle/core

Socket 1
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Intel 5000P
Northbridge/Memory Controller

A A
1066/1333 MTS 1066/1333 MTS
System Bus System Bus
2PCI-E \J Y
X4 4GB/s Channel 0
< o 5.3GB/s
PCI-E X8
Channel 1
2 PCI-E 5.3GB/s
_ X44GB/s _
PCI-E X8
p Channel 2
| 5.3GB/s
SM Buses < > Channel 3
< > 5.3GB/s
Note: FBD Bandwidth
numbers are for FBD
Note: All PCI-Express i 7y i 4.0GHZ/667TMHz.
bandwidth numbers are
bi-girectional PCI-E x4 PCI-E x4 ESI
2GB/s 2 GBis 2 GB/s
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Intel 7300 Northbridge: Four Sockets
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1066 MTS System 1066 MTS System 1066 MTS Syste 1066 MTS System
Bus Bus Bus Bus
2PCI-Ex4 * v v v Charnel 0
4 GB/sec BB/ sec
10P
2PCI-E x4
4GB/ sec Channel 1
8.0 G5B/sec
——-
PCI-E x8 M C H
PCI-E x4
2 GB/ sec
LAN Chanpel 2
5B/ sec
SMBuses Channel 3
8.0 GB/sec
Note: ) All PCI Express PCI -E x4 PCl -E x4 ESI Note: FBD Bandwidth
Bandwidth numbers are 26GB/sec| 2 GBIsec 2 GB/ sec numbers are for FBD 4.0

bi-directional.
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AMD:

“True” quad-core
Integrated memory controller

Uses DDR2/3
— l.e. no FBDIMM

Hypertransport for multi-
socket nodes

— NUMA issues

Dual-channel DDR memory
controller

2 MB shared LLC
4 FLOPs/cycle/core
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Quad-Core
AMD Oplaron™

Processor Design for Socet F (1207) Opierym
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Sun UltraSPARC Niagra/T2

* “True” eight core die
« Each core supports 8

threads - 64 total threads @ m @ m

o S I m p I e CO re FB DIMM FB DIMM FB DIMM FB DIMM
microarchitecture

 Four dual-channel FBDIMM

memory controllers! n“ nﬂ nn H“

* 4 MB shared LLC (L2) Cros

- 1 MB/MCU co c1 c3 c4 c6 o7
1 FLOP/cycle/core! ol bm i i |
SPU | SPU SPU SPU sPU | SPU

°
“
Interface Unit
10 Gigabit *B @ 2.0 GHz
Ethernet Ports (2)
Figure 5. The UltraSPARC T2 pracessor combines eight cores, memory management, cryptographic
support, 10 Gb Ethernet, and PCl Express on a single chip
T VAT =% N
5)«0‘ rl'| National
ay A . Laboratories



 Dual-core!

* High clock rate!
— Target 4+ GHz

* Dual-channel
DDR2/3

« 32 MB LLC (L3)
— But external to

die
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IBM Power6

POWERG6™ Chip Overview

= Ultra-high frequency dual-core chip

= Technology

= High-speed elastic bus interface at 2:1
freq

IBM STG

7-way superscalar, 2-way SMT core

9 execution units

2LS, 2FP, 2FX, 1BR,
1VMX,1DFU

790M ftransistors
Up to 64-core SMP systems
2x4MB on-chip L2

32MB On-chip L3 directory and
controller
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Two memory controllers on-chip

CMQOS 65nm lithography, SOI

1/Os: 1953 signal, 5399 Power/Gnd

Hot Chips 19 © 2007 IBM Corporation
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Test Systems by the Numbers

Clovertown| Barcelona | Niagra/T2
Core frequency 1.86 2.2 1.4
# cores/socket 4 4 8
Execution arch. |out of order| out of order | in order
Total # cores 8 8 8
# sockets 2 2 1
Total Threads 8 8 64
L1 Dcache 32KB/core | 64KB/core | S8KB/core
L2 cache 2x 4MB 512KB/core| 4 x 1MB
L3 cache - 2MB -
DRAM 667MHz FB ([667MHz DDR|667MHz FB
# mem. channels 4 2X2 8
Peak read BW 21.3 2x10.7 42.7
Peak write BW 10.7 same bus 21.3
FLOPs/cycle 4 4 1
Peak FLOPs 59.5 70.4 11.2
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STREAMS

MPI1 and OMP

Two socket nodes

— 1:1 core

— 2: 1 core/socket
— 4: 2 cores/socket
— 8: 4 cores/socket

Clovertown and
Barcelona have same

peak BW

Clovertown effectively

saturates at 1
core/socket

Barcelona effectively

saturates at 2
cores/socket

Niagra/T2 becomes

FLOPs bound

— One socket node

Note Task scheduling
differences between

MPI1 and OMP
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STREAMS Triad
Triad Function: a[j] = b[j]+scalar*c[j]

16000
1
one socket; two sockets <4+—— 71% of peak
14000 I
|
12000 :
1 Woodcrest/1333 OMP
10000 i . —— Clovertown/1066 OMP
I OMP, still one socket Barcelona OMP
@ 49% of pgak :
m 8000 q P Niagra/T2 OMP
s ; /14% of peak —¥— Clovertown MPI
6000 1 Barcelona MPI
1 —+— Niagra/T2 MPI
4000 \
) 27% of peak
2000 37% of peak P
1.8% of peak
o d T T
1 2 4 8 16 32 64
# of threads/tasks
STREAMS Triad: Speedup
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8
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6 Woodcrest/1333 OMP
/ \’\r —#- Clovertown/1066 OMP
w5 Barcelona OMP
) / Niagra/T2 OMP
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/ —+— Niagra/T2 MPI
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# of thread/tasks
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Random Update

Two socket nodes
— 1:1 core
— 2: 1 core/socket
— 4: 2 cores/socket
— 8: 4 cores/socket

Varying buffer size

— Cache effects
— TLB effects
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Random Update: Clovertown

Poor scaling with increasing tasks

32 MB 64 MB 128 MB 256 MB 512MB 1024 MB 2048 MB

overall buffer size

-2

Higher is better

Clovertown: extra cores
don’t add to performance

Barcelona: memory
subsystem effective at
handling extra requests
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Random Update: Barcelona
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32 MB 64 MB 128 MB 256 MB 512MB 1024 MB 2048 MB

overall buffer size
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Random Update Cont'd 0.0

Random Update: Niagra/T2

« Niagra/T2 0.035
—_
performance Toosl e — s
— Excellent scaling to | § -2
16 threads g oo s
— Excellent scaling | ;™ s
with buffer size LRl I ——— _
— 64 threads < 32
threads ° SMB 16MB 32MB 64 MB 128 MB 256 MB‘512 MB‘ 1024 | 2048 | 4096 | 8192 |
MB MB MB MB
° Best Case overall buffer size
performance across Random Update
architectures o1
— Barcelona best up 0.09 \\
to 2048 MB buffer, | _°*
after that? 007
. 5 0.06 \\ - Clovertown-2x4
— Intel architecture & o5 N | e
g n 9 Niagra-1x8x4
eXthItS |OW€St '§0_04 >~ Wotg>dcrest-2x2
performance § oas
0.02
0.01
0

8 MB 16 MB 32 MB 64 MB 128 MB 256 MB 512MB 1024 MB 2048 MB
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CTH

« Shape Charge
Problem

« Weak Scaling

— This is how we plan
to use multicore, |.e.
spec’ing a minimum
GB/core

— Intracore MPI

 Tbird 1ppn is used as
a measure of “ideal”
scaling

« Lower is better

« At 8 cores, Barcelona
is as fast as 8
Pentium’s with
Infiniband!

 Clovertown/Woodcrest
northbridge issues are
evident

T YA SN
NI A" R4
National Nuclear Security Administration

CTH
(Shape Charge Problem: Weak Scaling)
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e LAMMPS Leonard-Jones
(strong scaling, 1048576 atoms)
LAMMPS LJ
« Strong Scaling
— Weak scaling produces 000 | =
similar results 7 Clovertown
. a2 —— Woodcrest
 Lower is better g 10 '\_\- Barcelons
- i -|r :1ppn
« All architectures scale very g | e
well up to the number of 1
cores/socket
1 T T T T
 Niagra never achieves S N S
performance of x86-64
. . LAMMPS Leonard-Jones
arChIteCtU reS, deSp|te (strong scaling, 1048576 atoms)
excellent scaling 100 1
 Clovertown 5.8x
Barcelona 7.0x _ |
Niagra 7.9x | |
Tb|rd 79X i Clovertown
5‘ i —— Woodcrest
9 107 i Barcelona
2 ! Thbird:1ppn
! —— Niagra
' 1 l 2 l 4 l 8 I 16 l 32 l 64
//%AVIAV DZE’\A # of MPI tasks (cores)




?s & Discussion
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